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This paper presents the formalism of Production Systems and investi- 
gates its application to define the complete syntax of a computer 
language and its translation into a target language. Several prop- 
erties appear well-suited to this task: (a) the formalism can be 
used to specify exactly the syntax of a computer language, including 
context-sensitlve requirements. (b) the specification of the context- 
sensitive requirements on syntax can be isolated from the context- 
free requirements. (c) the same formalism can be used to specify the 
translation of one language into another (d) the notation has been 
reworked many times to promote ease of readability. The following 
example applications of production systems are given: (a) a specifi- 
cation of the complete syntax of a small but difficult subset of PL/I. 
(b) a specification of the translation of lambda-calculus expressions 
into normal form. 
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Introduction 
In current studies of software engineering, al l  aspects of the program 

construction process are cominn under closer scrutiny; these include the 
processes of problem inception anti specif icat ion [Lis72],  project management 
[~ak72, Mi172, Tsi73], program feature selection [DDH72, Wu172, WS73, Knu74, 
LZ73, Ho173, HW73], proving program correctness [Hoa69, Wir72, Hi172, Mi172a], 
and program documentation [Eat71, LSD, Goo73]. 

tThis research was supported by the U.S. Energy Research and Development 
~dministration, Contract No. AT(04-3)-34, PA 214. 
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This paper gives some personal observations on documentation s ty le ,  
top-down structured programming, and wr i t ten descript ions of structured 
program development. From these observations, a suggestion for  a "structured 
documentation" sty le is offered. 

Documentation 
I t  has been long thought and taught that the proper program documentation 

consists of:  
l )  a verbal descript ion of the intent  and behavior of the program, 

including a statement of input and output ( funct ional )  requirements, 
2) a f lowchart of a s l i g h t l y  higher level than the program i t s e l f  but 

(hopeful ly)  accurately re f lec t ing  the program, 
3) comments added to the program i t s e l f .  

This documentation sty le w i l l  be referred to as the Verbal Descr ipt ion, F_low- 
chart,  and Comments (VDFC) sty le of documentation. 

Structured Programming 
The cur rent ly  advocated programming sty le var iously termed as structured 

programminG, top-down p rogrgmming, or step-wise refinement consists in 
successively re f in ing ever more detai led descript ions of a program's intended 
behavior into a complete program implementing that behavior. In developing 
a program by structured programming, one star ts  with a functional descr ipt ion 
of a program in English or in programming language "statement" notat ion. I f  
th is  "statement" is a bona-fide statement in the programming language being 
used to wr i te the program, then the program is complete. Otherwise, the 
"statement" must be refined into more detai led "statements" The ref ined 
"statement" is said to be an abstract ion of the more detai led "statements" 
obtained in the refinement step. At each step, i f  a l l  as yet unrefined 
"statements" are bona-fide language statements, then the program is complete; 
otherwise, some unrefined "statement" is selected for refinement into con- 
s t i tuent  actions. At each refinement step, there is the obl igat ion to prove 
that the combined intended behaviors of the const i tuent "statements" cor rec t ly  
implement the intended behavior of the ref ined "statement". 

Add i t iona l l y ,  i t  is required that in decomposing "statements" into 
const i tuent actions, that the const i tuent "statements" be composed by one of 
a few program structur ing constructs. These constructs always include 

sequencing of statements 
i f  then else 
while do 
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and almost always include 
case selection 
repeat unt i l  

as well as other simple one entry-one ex i t  constructs. Others also permit 
use of l imited disguised goto's to ef fect  abnormal exi ts from the above 
l i s ted constructs. 

Observations 
In the course of 
I )  teaching an intermediate level undergraduate course (E20 at UCLA) 

requiring VDFC documentation for programming assignments, 
2) reading numerous published descriptions [DDH72, Wir71, Wir72, 

MK75] of structured programming applied to speci f ic programming 
problems, 

3) doing some structured programming on my own [Bry74], 
4) teaching a graduate course in software engineering and structured 

programming in which students were required to apply structured 
programming to the development of a moderate length (about 600 PL/I 
statements) program and to hand in a wr i t ten descript ion of the 
refinement process leading to the program with no addit ional 
documentation, 

I have come to the following conclusions: 
I )  To me, the VDFC type of documentation is usually of marginal help 

in understanding the students' programs. The verbal descript ions 
are usually at some uniformly too high a level to convey any rea l l y  
useful detai led information about the program. The level of the 
flowcharts is usually too close to that of the program to convey 
any information not d i rec t l y  deducible from the program i t s e l f  
(also i f  the program is poorly structured so is the f lowchart).  
The comments are usually too sparse and/or too crypt ic  to convey 
any helpful information. I usually end up having to hand-simulate 
the program for  a while to determine what is going on. The problem 
is that al l  information given in the documentation is ei ther too 
global or too local to give the proper perspective on the abstractions 
used in the programming process. I am forced to deduce the abstrac- 
t ions from my hand simulation. I t  is not clear whether th is  is 
the fau l t  of inexperienced programmers not wr i t inn good enough 
VDFC documentation or the fau l t  of the VDFC style in general, 
but i t  seems to be the l a t t e r  because there is no d isc ip l ine to 
force an exposition of the levels of abstraction. 

2) I t  seems preposterous to me (and to others) that the programs 
described in the published descriptions of structured programming 
were developed as cleanly as was described in the papers; i . e . ,  with 
no false s tar ts ,  l i t t l e  backtracking up the abstraction tree, and 
with no in ter - leve l  th inking. I t  also seems incredible to me that 
the various optimizations mentioned in the papers were discovered 
in as structured a manner as described. My own experiences in doing 
structured programming make me skeptical.  In doing several examples 
of structured programming, includin~ the one described in [Bry74], 
I discovered that 
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I made many false s tar ts ,  going down refinement paths 
whose s tup id i t y  I would be ashamed to admit; 
I had to backtrack frequent ly from these inappropriate 
refinement paths; 

c) I found myself thinking across several levels of refinement 
and across several independent paths of refinement ( both 
of these are "cardinal"  s ins) ;  

d) optimizations were discovered much too late to be included 
as a natural part of the refinement process. 

In general, I bungled my way through the refinements. However, in 
wr i t ing the descr ipt ion of [Bry74], the refinement processes were 
presented as a logical  order ly progression. False starts and the 
resul t ing backtracking were presented only i f  they were ins t ruc t ive .  
Al l  th inking took place at the r igh t  leve l ,  and optimizations were 
"discovered" and introduced at precisely the r igh t  place. An 
absolutely beauti ful  wel l -s t ructured document was produced for 
public consumption. 

The program described in [Brv74] was assigned to the students 
of my graduate class. Some of them produced quite elegant des- 
c r ip t ions .  The ones that I talked to admitted to bungling the i r  
way through the structured programming but report ing a r e l a t i v e l y  
clean structured development. This was also the case for  the 
larger projects done by the class [Rem75, Ros74]. 

3) 

This observation should not be construed as claiming that I 
think that the authors of the published structured programming 
descript ions are fa l se ly  and misleadingly claiming that they 
developed the i r  programs in as clean a manner as reported. In no 
paper is there such a claim. Also, as we shall see, i t  is t o t a l l y  
i r re levant  as to whether the f ina l  program development descr ipt ion 
is an accurate report ing of h is tory.  

In spite of the reservations expressed above (or, as we shall see 
la te r ,  because of these reservat ions),  I have found more of the 
descript ions of structured programming to be more helpful in under- 
standing the developed programs than the VDFC documentations. In 
most of the published descript ions and in a couple of the students' 
descr ipt ions,  the abstractions were well enough chosen, and the 
descript ion of the refinement process was well enough wr i t ten ,  that 
the program could be understood with a single careful reading of 
the refinement descr ipt ion.  

The conclusion I draw from these observations is that the VDFC sty le 
of documenting a program should be replaced by a structured sty le of documen- 
tat ion in which the major documentation of a program is a we l l -wr i t ten  
descript ion of a refinement process y ie ld ing  the program. This structured 
documentation should have the fol lowing propert ies: 

I )  The structured development should s tar t  with a simple functional 
descript ion of the whole program. 

2) The refinement process should y ie ld  a set of abstractions ca re fu l l y  
chosen to maximize c l a r i t y  of the descr ipt ion. 

3) At each refinement step, some informal Droof should be given of 
the correctness of the refinement. In pract ice,  th is  involves 
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nothing for sequential or conditional composition and stating an 
invariant for loop composition. 

4) The final program yielded should be the documented program. 
~lote, in part icular,  that the structured development described in the 
documentation should not necessarily be that actually taken to obtain the 
program, hut rather one that wi l l  convey the most understandin 9. 

When a program is modified in the course of natural maintenance, the 
documentation assists in identifying the exact point at which the refinement 
of a high level abstraction needs to be changed to yield the desired change. 
The affected parts of the documentation should be rewritten to show the devel- 
opment of the new parts. This results in a new complete structured documen- 
tation for the whole program. 

This documentation style is by no means restr icted to use only with 
those programs developed by step-wise refinement. Indeed, i t  might very well 
be worth the trouble to do an after-the-fact structured development of a 
non-structured program to discover the levels of abstraction that would lead 
to the given program. This refinement process could then form the basis of 
the documentation (also some unknown bugs may be found in the process). 
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